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“…an advantage of machine
learning is that it can be used
even in cases where it is infeasible
or difficult to write down explicit

rules to solve a problem…”

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf






1,688,780
new cases of cancer in the U.S. 

600,920
projected deaths due to cancer in the U.S.

2017



15,533,220
cancer survivors in the U.S. 

2017



“…to apply machine learning, a     
practitioner starts with                       
a historical data set, which the 
practitioner divides into a       
training set and a test set…”

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf






Melanoma: 44 on deck for 2017



Lung Cancer: 76 on deck for 2017
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“…it is of critical national importance 
that we …double the rate of progress 
in the fight against cancer- and put 
ourselves on a path to achieve in just 
5 years research and treatment gains
that otherwise might take a decade or 
more…”

(From Presidential Memo 2016)



NCI Center for Strategic Scientific Initiatives 

(CSSI): Concept Shop

Dates indicate approval(s) by NCI Board of Scientific Advisors; *Program moved to NCI Division  of Cancer Biology

“…to create and uniquely implement exploratory programs focused on the development and integration of advanced

technologies, trans-disciplinary approaches, infrastructures, and standards, to accelerate the creation and

broad deployment of data, knowledge, and tools to empower the entire cancer research continuum in

better understanding and leveraging knowledge of the cancer biology space for patient benefit…”

Mission

2003, 2007, 2011, 2013, 2014, 2017

2004, 2008, 2014

2005, 2010, 2015

2005, 2008 2010

2008, 2013* 2011, 2014

Deputy Director

Jerry S.H. Lee, PhD

Director

Douglas R. Lowy, MD
Associate Director

Sean E. Hanlon, PhD

http://physics.cancer.gov/default.asp


Translational from basic

science to human studies 

Translational of new interventions into 

the clinic and health decision making

Defining mechanisms, 
targets, and lead molecules

New methods of diagnosis,
treatment, and prevention

Delivery of recommended and
timely care to the right patient

True Benefit to society
Controlled studies 

leading to effective care



“The working group recommends 
the initiation of a bold technology-
based project: Human Cancer 
Genome Project.”

- National Cancer Advisory Board (NCAB) Working Group on 

Biomedical Technology, February 16, 2005

https://deainfo.nci.nih.gov/advisory/ncab/workgroup/archive/sub-bt/NCABReport_Feb05.pdf



“…the unstated goal of the HCGP is to accelerate the discovery of

cures for cancers. The question we need to answer is not whether the

information generated will be useful, but whether, if given $1.5 billion

in “new” cancer money, would the HCGP be the best application of

that money toward the goal of cancer cures…”

– Oct 21, 2005



“…to conduct this mini–cancer-genome project, a 29-person team, resequenced…11
breast cancer samples and 11 colon cancer samples…then winnowed out more than 
99% of the mutations by removing errors…and changes that didn’t alter a protein. 

…this yielded a total of 189 “candidate” cancer genes. Although some are familiar…most 
had never been found mutated in cancer before. The results…are a ‘treasure trove’… 

…the relatively small number of new genes common to the tumors reinforces concerns 
about [NIH] The Cancer Genome Atlas…

…despite such doubts, the atlas project gets under way next week. NIH will announce 
the three cancers to be studied in the pilot phase…the project is on an extremely 
aggressive timeline…”



04/20/2016





• Accelerate progress in cancer, including 

prevention & screening

• From cutting edge basic research to wider 

uptake of standard of care

• Encourage greater cooperation and 

collaboration

• Within and between academia, government, 

and private sector

• Enhance data sharing

Goals of the Initiative:

(From Presidential Memo 2016)

Courtesy of Dinah Singer (http://deainfo.nci.nih.gov/advisory/bsa/0316/0905Singer.pdf)

Feb 1, 2016



http://www.cancer.gov/moonshot

October 17, 2016

“…established, within the Office of the Vice President, a
White House Cancer Moonshot Task Force, which will
focus on making the most of Federal investments,
targeted incentives, private sector efforts from industry
and philanthropy, patient engagement initiatives, and
other mechanisms to support cancer research and enable
progress in treatment and care…”

“…a Blue Ribbon Panel… will provide expert advice on the
vision, proposed scientific goals, and implementation of the
National Cancer Moonshot….the Panel will provide an intensive
examination of the opportunities and impediments in cancer
research…initial findings and recommendations of the Panel will
be reported to the National Cancer Advisory Board that will
provide final recommendations to the NCI Director…”

http://www.cancer.gov/cancermoonshot


Catalyze New Scientific Breakthroughs

Unleash the Power of Data

Accelerate Bringing New Therapies to Patients

Strengthen Prevention and Diagnosis

Improve Patient Access and Care

STRATEGIC GOALS IMPLEMENTATION PATH

FEDERAL
PRIVATE/ 

NON-PROFIT
PUBLIC-PRIVATE 
COLLABORATION

2/1/2016 10/17/2016



Make a decade’s worth of progress in cancer prevention, 
diagnosis, treatment, and care – ultimately to end cancer 
as we know it.



https://www.whitehouse.gov/the-press-office/2016/06/28/fact-
sheet-cancer-moonshot-summit-vice-president-biden-announces-new

• 38 announcements
• 12 public sector
• 26 private sector

June 29, 2016 Oct 17, 2016

• 36 announcements
• 8 public sector
• 28 private sector

https://www.whitehouse.gov/the-press-office/2016/10/17/fact-
sheet-vice-president-biden-delivers-cancer-moonshot-report

https://www.whitehouse.gov/the-press-office/2016/06/28/fact-sheet-cancer-moonshot-summit-vice-president-biden-announces-new
https://www.whitehouse.gov/the-press-office/2016/10/17/fact-sheet-vice-president-biden-delivers-cancer-moonshot-report


Catalyze New Scientific Breakthroughs

Unleash the Power of Data

Accelerate Bringing New Therapies to Patients

Strengthen Prevention and Diagnosis

Improve Patient Access and Care

STRATEGIC GOALS IMPLEMENTATION PATH

FEDERAL
PRIVATE/ 

NON-PROFIT
PUBLIC-PRIVATE 
COLLABORATION

2/1/2016 10/17/2016



Cancer Moonshot Data & Technology Team

Co-Chairs: Dimitri Kusnezov (DOE), DJ Patil (OSTP), and Jerry Lee (OVP)

Members: 

• John Scott (DoD)

• Craig Shriver (DoD)

• Cheryll Thomas (CDC)

• Frances Babcock (CDC)

• Teeb Al-Samarrai (DOE)

• Sean Khozin (FDA)

• Alexandra Pelletier (PIF)

• Maya Mechenbier (OMB)

• Henry Rodriguez (NCI)

• Karen Cone (NSF)

• Michael Kelley (VA)

• Louis Fiore (VA)

• Warren Kibbe (NCI)

• Betsy Hsu (NCI)

• Niall Brennan (CMS)

• Thomas Beach (USPTO)

• Claudia Williams (OSTP)

• Vikrum Aiyer (USPTO)

• Tom Kalil (OSTP)

• Kathy Hudson (NIH)

• Dina Paltoo (NIH)

• Al Bonnema (DoD)

• Michael Balint (PIF)

• Kara DeFrias (OVP)

• Greg Pappas (FDA)

• Erin Szulman (OSTP)

• Paula Jacobs (NCI)



Cancer Data and Tech Track 

Face-to-Face

(9/9/16)

Cancer Data and Tech Track 

Face-to-Face

(11/18/16)





Cancer 
CenterPatient

Unable to 
Share Primary 

Care DataPrimary
Care

Cancer Diagnosis 
and Treatment

Cancer 
Survivor

Primary
Care

Unable to 
Share Cancer 

Care Data

Cancer 
Relapses

(Months-
Years)

(Months-
Years)

Assumes returning to the same cancer care facility

Without a National Learning 
Healthcare System for Cancer 

Lost Opportunity to 
Learn from Pre-Cancer 

Clinical Data

Lost Opportunity to 
Learn from Post-Cancer 
Treatment Clinical Data



Vision:

Enable the creation of a Learning Healthcare System 

for Cancer, where as a nation we learn from the 

contributed knowledge and experience of every 

cancer patient. As part of the Cancer Moonshot, we 

want to unleash the power of data to enhance, improve, 

and inform the journey of every cancer patient from the 

point of diagnosis through survivorship.



Priorities Areas and Ongoing Activities

➢Priority Area A: Enabling a seamless data environment      [If you build it…]

▪ DOE-MVP CHAMPION and NCI GDC (and C’s)

➢Priority Area B: Unlocking science through open                [Make it easy AND 

computational and storage platforms                                     relevant to use…]

▪ NCI-DOE, ATOM, APOLLO, CDC-FDA NLP

➢Priority Area C: Workforce development using open           [They will come…]

and connected data 

▪ NCI-VA BD-STEP



GDC Content

GDC

❖ TCGA 11,353 cases
❖ TARGET 3,178 cases

Current

❖ Foundation Medicine 18,000 cases
❖ Cancer studies in dbGAP ~4,000 cases

Coming soon

❖ NCI-MATCH ~3,000 cases

❖ Clinical Trial Sequencing Program ~3,000 cases

Planned (1-3 years)

❖ Cancer Driver Discovery Program ~5,000 cases
❖ Human Cancer Model Initiative ~1,000 cases
❖ APOLLO – VA-DoD ~8,000 cases

~56,000 cases

6/29/2016



❖ TCGA 11,353 cases

❖ TARGET 3,178 cases

Current

❖ Foundation Medicine 18,000 cases

❖ Cancer studies in dbGaP ~4,000 cases

❖ Multiple Myeloma RF ~1,000 cases

❖ AACR GENIE 59,000 cases

Coming soon

❖ NCI-MATCH ~3,000 cases

❖ Clinical Trial Sequencing Program ~3,000 cases

Planned (1-3 years)

❖ Cancer Driver Discovery Program ~5,000 cases

❖ Human Cancer Models Initiative ~1,000 cases

❖ APOLLO – VA and DoD ~8,000 cases

~117,000 cases

10/17/2017

❖ NCI-CPTAC ~1,000 cases



FPOC 7/12/2016

Col. Craig Shriver, MD





“…to apply machine learning, a     
practitioner starts with                       
a historical data set, which the 
practitioner divides into a       
training set and a test set…”

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf

https://www.whitehouse.gov/sites/default/files/whitehouse_files/microsites/ostp/NSTC/preparing_for_the_future_of_ai.pdf


(12,000+ patient tumors and increasing)

2006-2015: A Decade of Illuminating the Underlying
Causes of Primary Untreated Tumors

Primary
tumor

(Localized)

http://cancergenome.nih.gov/


DNA RNA Protein

Central Dogma of Biology 

http://cancergenome.nih.gov/


Re-writing Central Dogma (2016)

On average across 375 
tumor samples, ONLY 33%
of DNA/RNA predicted 
cancer protein abundance 

Zhang, B. et. al. Proteogenomic characterization of human colon and rectal cancer.  Nature. 2014 Jul 20



"…there is great potential for new insights to come 

from the combined analysis of cancer proteomic 

and genomic data, as proteomic data can now 

reproducibly provide information about protein 

levels and activities that are difficult or impossible 

to infer from genomic data alone…”

Douglas R. Lowy, MD
Acting Director of the National Cancer Institute, National Institutes of Health
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(Agency and International 
Collaborations)

2009

2016

“…we must increase research and patient 
data sharing...imagine what we could do with 
global sets of patient data to represent the 
great international diversity of populations, 
of people, and of cancers…” 

Vice President Biden, Vatican, April 2016

http://cancergenome.nih.gov/


https://medium.com/cancer-moonshot/

Col. Craig Shriver, MD

Jennifer Lee, MD Henry Rodriguez,

PhD, MBA

https://medium.com/cancer-moonshot/


Applied Proteogenomics OrganizationaL Learning and Outcomes 

APOLLO Leadership Meeting

August 29, 2016



Patients with 
new or recurrent 
cancer diagnosis

Veterans

Active Duty &
DoD Beneficiaries

Civilians

Consents to 
VA/DoD/NCI 

APOLLO 
research 
program

The American 
Genome Center

Co-enroll 
MVP

Proteogenomics
Characterization
(~8,000 patients)

CPTAC PCC
+ MCC PRO / IHC

Residual tissue for CLIA-approved 
targeted sequencing (CATS)

VA ORD 
and 
NCI-

sponsored 
Clinical 
Trials

NCI CTEP/CPTAC PTRC

VA Hospitals

Murtha Cancer 
Center

Clinical Phenotype 
& outcomes

Data aggregation, analysis, and sharing to 
rapidly improve outcomes for active duty, 

beneficiaries, veterans, and civilians

Murtha Cancer 
Center

VA Hospitals

Adaptive Learning 
Healthcare System

Clinical Data

Research Data

APOLLO – Applied Proteogenomics OrganizationaL Learning and Outcomes consortium

DaVINCI
Registry

DPALS CATS



http://cancergenome.nih.gov/


APOLLO

DAVINCI

http://cancergenome.nih.gov/


https://proteomics.cancer.gov/programs/apollo-network

https://proteomics.cancer.gov/programs/apollo-network


7/17/2016
“…proteogenomics, which is -- as I used a metaphor 
-- it’s like the genes are the full roster of a basketball 
team….but the winning strategy comes from finding 
out who their starting lineup is. The proteins are the 
starters you're going to play against -- the five you 
are going to have to defend against

I’m pleased to say, Mr. Prime Minister, that we've 
signed three memorandums of understanding 
between our two nations …we're going to be able to 
share patient histories, proteogenomics and clinical 
phenotypes data -- data on various proteins and 
genetic characteristics of almost 60,000 patients in 
Australia and the United States with full privacy 
protections…

And I predict that you're going to see this repeated 
around the world.”

- Vice President Biden, Australia

https://www.whitehouse.gov/the-press-office/2016/07/16/fact-
sheet-victoria-comprehensive-cancer-center-vice-president-biden

https://www.whitehouse.gov/the-press-office/2016/07/16/fact-sheet-victoria-comprehensive-cancer-center-vice-president-biden


https://tinyurl.com/zr955sr

9/19/2016

https://tinyurl.com/zr955sr


http://proteomics.cancer.gov

9/16/2017

http://proteomics.cancer.gov/


NCI Proteomic Data Commons

CPTAC

APOLLO

ICPC

Proteogenomics Data Generation

SFTP site

Internal Jamboree

Proteomic Data Commons

Research Community

01001110

01000011

01001001

Adapted from Hinkson, et al. Front. Cell Dev. Biol

9/16/2017

Izumi Hinkson, PhD



https://proteomics.cancer.gov/programs/ 
international-cancer-proteogenome-consortium

Henry Rodriguez, PhD, MBA

https://proteomics.cancer.gov/programs/international-cancer-proteogenome-consortium


20102001 2015

1 million healthy genomes

Precision Health



Denny and Steventon.  BMJ, 2015

Disease

Precision Health Precision Oncology



Denny and Steventon.  BMJ, 2015

Disease

Precision Health Precision OncologyReality



DOE continues to work on the 

Moonshot Themes

 Some areas we can continue to build because we got pretty far down the road

 Others did not get far enough or were just too hard in the given time (eg payer data…)

 More agencies were partnering than the Cures Act recognized

 Drive efforts with the priorities of the new administration

 Aligning with Next Generation Supercomputing

 Building on our internet backbone

 Supporting US Veterans

 …



Use potential attractors as a strategy to 

draw in broader thinking and resources

 Force the enterprise to rethink traditional paradigms by challenging them with qualitatively new 

classes of prediction and a richness of data

 DOE-NCI Pilots:  mid 2015       

 DOE-VA: early 2016

 Use the qualities of data to change how we think of many of our 

traditional approaches from architectures to UQ to codes to …

 Align with where next economic drivers could provide most amplification

 Use Codesign as a philosophy

 Bring in DOE’s multiphysics labs: ANL, LANL, LLNL, ORNL, PNNL, SNL

 Use Esnet

 Fund from multiple sources: DOE, VA, NCI; Exascale funding for CANDLE

 Vendors: IBM, Intel, GE, Nvidia…

 Use legislative support: 21st Century CURES Act

Robinson Pino (2016)

 GSK “ATOM” Oct 2017

 Government of Norway



Some early successes under President Trump. 

Currently on DOE’s web page…



VA-DOE Scientific Data Connection

AITC

Pittsburgh VAMC

Boston VAMC

ORNL

VA TIC

ESnet POP

Legend
VA Facility
DOE Facility
1     Gbps VA WAN
10   Gbps VA WAN
10   Gbps commercial
100 Gbps DOE ESnet

ANL

LLNL

LANL

Upgrading to a 400Gbps network…



6
6

Memory intensive 

architectures
Neuromorphic 

learning systems
Quantum information 

systems

We’re entering the era of heterogeneous computing. 

The architecture will be configured to match the 

computing needs of the application.

This is a time of rapid technological change in 

computing



67DOE is using this data as an accelerator for next 

generation technologies in high performance computing

Cloud-based 
systems

▪ Data sharing

▪ Distributed 
analytics

▪ Remote tool 
deployment

High-
Performance 

Supercomputers
▪ Physics-based 

molecular
simulation

▪ Path to Exascale

Memory-
intensive systems

▪ Fast genomic 
analysis

▪ Network 
analytics

Neuro-synaptic 
processors

▪ Deep machine 
learning analytics

▪ Clinical data 
stream processing







Secondary tumor

Primary tumor

8/31/16



Finding the Right “Needle” at the Right “Time” of Disease



Sources of Circulating “Needles” (Normal and Cancer Patients)

Bone Marrow GI Tract Skin

Tumor

Fetal DNA



May 3rd, 2016 June 29th, 2016



https://medium.com/cancer-moonshot/blood-
profiling-atlas-in-cancer

10/17/2016

https://medium.com/cancer-moonshot/blood-profiling-atlas-in-cancer


12/2/2016



12/20/2016



Lauren Leiman
Executive Director
lauren@bloodpac.org

http://bloodpac.org

mailto:lauren@bloodpac.org
http://bloodpac.org/


APOLLO

http://cancergenome.nih.gov/


79

National Cancer Data Ecosystem

Genomic
Data Commons

Data Standards
Validation and Harmonization

Imaging
Data Commons

Proteomics
Data Commons

Clinical Data 
Commons

(Cohorts / Indiv.)

SEER
(Populations)

Data Contributors and Consumers

Researchers PatientsCliniciansInstitutions

Blood Profiling Atlas
Commons



Modified from Abernethy et. al. JCO 2010
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1997 20172002 2007 2012

10/23/2001 
(~4 yrs old)

1/9/2007 
(~10 yrs old)

iPod (10GB max)

iPhone 
(EDGE, 16 GB max)

9/16/1999 
(~3 yrs old)

802.11b WiFi

4/3/2010 
(~13 yrs old)

iPad 
(EDGE, 64 GB max)

4/23/2005 
(~8 yrs old)

9/26/2006 
(~9 yrs old)

7/15/2006

2/7/2007 

UberX

7/1/2012 
(~15 yrs old)7/11/2008 

(~11 yrs old)

iPhone 3G 
(16 GB max)

9/12/2012
(~15 yrs old)

iPhone5 
(LTE, 128 GB max)

Google 
Baseline

3/9/2015 
(~18 yrs old)

Apple
ResearchKit

AI beats 
human at Go

3/15/2016 
(~19 yrs old)

HTC VR Headset

4/5/2016 
(~19 yrs old)

7/14/2014 
(~17 yrs old)

Next Gen

5/1/1997

AOL Instant 
Messenger

4/21/1997

WinAMP(mp3)

4/28/2003 
(~6 yrs old)

iTunes 
Music Store



$640M 
(FY74)

$5.39 B 
(FY16)



Big Data Scientist Training Enhancement Program   
(BD-STEP)

Graduates of BD-STEP would:
• have skillsets to perform next-generation patient-

centered outcomes research by manipulating and 
analyzing large-scale, multi-element, patient data sets 
to develop novel disease signatures or unique 
performance-based clinical benchmarks

• have an understanding of real-time, performance-
driven health care delivery in the VA systems

Michelle Berny-Lang, NCIConnie Lee, VHA/EES

2017 Potential
Partners: 



BD-STEP Sites and Fellows: 2016-2017





Development of a Natural Language Processing 
(NLP) Workbench Web Service

• Two Year Project (July 2016 – September 2018)

• Project Goals:

– Develop a Natural Language Processing (NLP) Workbench that utilizes 
Web Services for analyzing unstructured clinical information

– Pilots for use in cancer registries and safety surveillance domains

– Code cancer data items to nationally adopted coding systems (ICD-O-3)

– Collect data from at least four national laboratories for the following 
primary cancer sites (Breast, Lung, Prostate, Colorectal)

• 125 cases per cancer site from each laboratory for a total of at least 2,000 cases. 

– Double annotation will be completed by certified tumor registrars with 
a master reviewer

NLPWorkbench@cdc.gov



Sandy Jones (CDC)

NLP Workbench Web Service
Dos and Don’ts

• Will include processes with demonstrated 
efficiency - is more than a collection of 
general NLP components and workflows

• Will cover certain needs - cannot be the 
panacea for all problems

• Will describe the process for the generation 
of annotated datasets 

• Intend to incorporate only open-source 
solutions equipped to support the project 
objectives and will not endorse ANY existing 
solution

WORKSHOP December 18, 2017

SFT1@cdc.gov

mailto:SFT1@cdc.gov


Hudson et. al. NEJM 2017

01/12/2017



Please check back regularly as additional Funding Opportunity Announcements are posted. 

Updated: Oct 2nd, 2017

Currently 24 opportunities 
addressing broadly BRP 
recommendations 

https://www.cancer.gov/research/key-initiatives/moonshot-cancer-initiative/funding

https://www.cancer.gov/research/key-initiatives/moonshot-cancer-initiative/funding


http://ascpt.onlinelibrary.wiley.com/hub/issue/10.1002/cpt.v101.5/

FDA

VA

CMS

DOE

NCI/DOE

NCI/VA/DoD

http://ascpt.onlinelibrary.wiley.com/hub/issue/10.1002/cpt.v101.5/
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Learn More About Us…

http://cssi.cancer.gov

Jerry S.H. Lee, PhD

jerry.lee@nih.gov

@NCI_CSSI

@jleePSOC

http://cssi.cancer.gov/
mailto:jerry.lee@nih.gov

